An investigation of the interfacial polymerization of polyamides in a tubular reactor by Dowdy, William Wills
In presenting the dissertation as a partial fulfillment of 
the requirements for an advanced degree from the Georgia 
Institute of Technology, I agree that the Library of the 
Institution shall make it available for inspection and 
circulation in accordance with its regulations governing 
materials of this type. I agree that permission to copy 
from, or to publish from, this dissertation may be granted 
by the professor under whose direction it was written, or, 
in his absence, by the dean of the Graduate Division when 
such copying or publication is solely for scholarly purposes 
and does not involve potential financial gain. It is under-
stood that any copying from, or publication of, this disser-
tation which involves potential financial gain will not be 
allowed without written permission. 
AN INVESTIGATION O F T H E I N T E R F A C I A L P O L Y M E R I Z A T I O N 
O F POLYAMIDES IN A T U B U L A R R E A C T O R 
A THESIS 
P r e s e n t e d to 
The F a c u l t y of the G r a d u a t e D iv i s ion 
by 
W i l l i a m Wil ls Dowdy 
In P a r t i a l F u l f i l l m e n t 
of the R e q u i r e m e n t s for the D e g r e e 
M a s t e r of S c i e n c e in C h e m i c a l E n g i n e e r i n g 
G e o r g i a I n s t i t u t e of T e c h n o l o g y 
J u n e , 1963 
a-R 
AN INVESTIGATION OF THE INTERFACIAL POLYMERIZATION 
OF POLYAMIDES IN A TUBULAR REACTOR 
Approved: 
**-
v • , mm • IFI( * \,**r n* = 
ELsrte approved by Chairman: (Lk^dj 2>7. 1 ^ 3 
LI 
ACKNOWLEDGMENT 
The a u t h o r w i s h e s to e x p r e s s h i s h e a r t f e l t t h a n k s to D r . H. C. 
W a r d for h i s m a n y v a l u a b l e s u g g e s t i o n s and e n c o u r a g e m e n t t h r o u g h -
out t h e p r o g r e s s of t h i s w o r k . A p p r e c i a t i o n is a l s o e x p r e s s e d to t h e 
K a i s e r A l u m i n u m and C h e m i c a l C o m p a n y for t he g r a n t of a f e l l o w -
s h i p to s u p p o r t t h i s w o r k and to the Du Pon t C o m p a n y for supp ly ing 
the h e x a m e t h y l e n e d i a m i n e and Duponol ME u s e d in t h e s e e x p e r i m e n t s . 
I L L 
T A B L E O F C O N T E N T S 
P a g e 
A C K N O W L E D G M E N T Li 
LIST O F T A B L E S Lv 
LIST O F ILLUSTRATIONS v 
SUMMARY vL 
C H A P T E R 
I. INTRODUCTION 1 
II. THEORY 4 
III. E Q U I P M E N T AND P R O C E D U R E 13 
IV. DISCUSSION O F R E S U L T S 22 
V. CONCLUSIONS 39 
A P P E N D I C E S 40 
BIBLIOGRAPHY 50 
L v 
LIST O F T A B L E S 
T a b l e P a g e 
1. Da ta S u m m a r y 4 5 
2. R e p r o d u c i b i l i t y of Runs 4 9 
LIST O F ILLUSTRATIONS 
g u r e 
S c h e m a t i c D i a g r a m of E x p e r i m e n t a l E q u i p m e n t 
R o t a m e t e r C a l i b r a t i o n 
P r o d u c t i v i t y Ra t io v s . (Sebacoy l C h l o r i d e ) 
(HMDA) for 36. 5 inch R e a c t o r 
1 3 P r o d u c t i v i t y Ra t io v s . (Sebacoy l C h l o r i d e ) 
(HMDA) for 36. 5 inch R e a c t o r 
P r o d u c t i v i t y Ra t io v s . (Sebacoy l C h l o r i d e ) 
(HMDA) for 8 . 5 inch R e a c t o r 
1 3 P r o d u c t i v i t y Ra t io v s . (Sebacoy l C h l o r i d e ) 
(HMDA) for 8 . 5 inch R e a c t o r 
.2 
P r o d u c t i v i t y Ra t io v s . (Sebacoy l C h l o r i d e ) 
(HMDA) for 8 . 5 inch R e a c t o r 
P r o d u c t i v i t y Ra t io v s . (Sebacoy l C h l o r i d e ) 
N2 
(HMDA) for 8 . 5 inch R e a c t o r 
C o m p a r i s o n of P r o d u c t i v i t y R a t i o s of 8 . 5 inch 
and 36. 5 inch R e a c t o r s 
VL 
SUMMARY 
The objective of this Investigation was to study the key 
var iab les that affect Interfaclal polycondensatlon In a tubular r e a c t o r . 
The par t i cu la r react ion studied was that of sebacoyl chloride and 
hexamethylene diamine to produce 610 Nylon (polyhexamethylene 
sebacamide) . An Insight Into the na ture of the react ion mechanism 
under these conditions was obtained from this study. 
An attempt was made to m e a s u r e absolute react ion ra tes of 
this ex t remely fast react ion; however, this effort was not too frui t -
ful as it was Impossible, In many c a s e s , to stop the react ion before 
formation of polymer film reduced the react ion r a t e . However, in 
runs at low concentrat ions where film formation was not a factor , It 
was found that Lnterfacial polycondensation proceeded at essent ia l ly 
the same ra te as the react ion between aliphatic acid chlor ides and 
p r i m a r y a m i n e s . 
The tubular r eac to r was const ructed of 3/8 inch outside d iameter 
s ta in less s tee l tubing having an Inside d iameter of 0.305 Inches. Re-
actor lengths of 8^ and 36j Inches were used. All reac t ions were 
o 
conducted at a tmospher ic p r e s s u r e and a t empera tu re of 68.0 F . 
Runs were conducted at Reynolds numbers of 17,050, 24,200, 33,850, 
and 40, 500. Product ivi ty ra t io , defined as g rams of sebacoyl chloride 
v i i 
c o n s u m e d p e r k i l o g r a m of r e a c t o r eff luent , w a s d e t e r m i n e d by-
quenching a s a m p l e of r e a c t o r effluent in ac id so lu t ion and m e a s u r -
ing the a m o u n t of p o l y m e r c o n t a i n e d in the s a m p l e . 
Reyno lds n u m b e r , c o n c e n t r a t i o n of r e a c t a n t s , and d e g r e e of 
d i s p e r s i o n of o r g a n i c p h a s e w e r e found to be the key v a r i a b l e s t ha t 
affect p r o d u c t i v i t y r a t i o , y i e ld , and p e r cen t c o n v e r s i o n of t he r e -
a c t a n t s . R e a c t i o n t i m e is u n i m p o r t a n t a s t he r e a c t i o n is c o m p l e t e d 
in a f r a c t i o n of a s e c o n d . The r e a c t i o n r a t e w a s found to be s e c o n d 
o r d e r wi th r e s p e c t to r e a c t a n t c o n c e n t r a t i o n s . 
It w a s conc luded t ha t e x t r e m e l y high s h e a r is n e e d e d to d i s r u p t 
t he p o l y m e r f i lm f o r m e d at t he i n t e r f a c e in o r d e r tha t t h e r e a c t i o n 
m a y p r o c e e d n e a r l y to c o m p l e t i o n . F o r t h i s r e a s o n , a t u b u l a r r e -
a c t o r p r o b a b l y would not be u s e d for c o m m e r c i a l p r o d u c t i o n of a 
p o l y m e r o r c o p o l y m e r by i n t e r f a c i a l p o l y c o n d e n s a t i o n . A r e a c t o r 
equ ipped wi th a h igh s h e a r r o t o r , s u c h a s a flat o r p e r f o r a t e d d i s c , 
would be n e e d e d . 
F o r f u tu r e w o r k , it is r e c o m m e n d e d tha t m e a n s of ob ta in ing 
b e t t e r d i s p e r s i o n of t he o r g a n i c p h a s e be i n v e s t i g a t e d . A t r a n s p a r e n t 
r e a c t o r and high s p e e d p h o t o g r a p h y could be u s e d to d e t e r m i n e d r o p -
let s i z e and t h e r e b y s tudy the effect of i n t e r f a c i a l a r e a . 
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C H A P T E R I 
INTRODUCTION 
F o r m a n y y e a r s c o n d e n s a t i o n p o l y m e r i z a t i o n s have b e e n b a s e d 
on s l ow , r e v e r s i b l e o r g a n i c r e a c t i o n s . T h e s e r e a c t i o n s a r e u s u a l l y 
c a r r i e d out in the m e l t and e m p l o y a r e d u c e d p r e s s u r e c y c l e to 
f a c i l i t a t e t he r e m o v a l of v o l a t i l e b y - p r o d u c t s . Mel t c o n d e n s a t i o n s 
a r e c o m p l i c a t e d , r e q u i r e e x p e n s i v e e q u i p m e n t , and a r e diff icult and 
t i m e c o n s u m i n g to r e p r o d u c e in the l a b o r a t o r y . S ince m e l t p o l y c o n -
d e n s a t i o n s a r e u s u a l l y c a r r i e d out at t e m p e r a t u r e s b e t w e e n 200 and 
o 
300 C. , the m e t h o d is l i m i t e d to p o l y m e r s and i n t e r m e d i a t e s tha t 
a r e s t a b l e at t h e s e t e m p e r a t u r e s . 
In t h e p a s t few y e a r s , c o n s i d e r a b l e i n t e r e s t h a s b e e n a r o u s e d 
in i n t e r f a c i a l p o l y c o n d e n s a t i o n a s h igh p o l y m e r s can be p r o d u c e d 
r a p i d l y in i n e x p e n s i v e e q u i p m e n t u n d e r a t m o s p h e r i c cond i t i ons by t h i s 
m e t h o d . I n t e r f a c i a l p o l y m e r i z a t i o n is b a s e d on the S c h o t t e n - B a u m a n n 
r e a c t i o n of an a c i d h a l i d e wi th a c o m p o u n d con ta in ing an a c t i v e h y d r o -
gen a t o m . In t h i s p r o c e s s t h e i r r e v e r s i b l e p o l y m e r i z a t i o n of two f a s t -
r e a c t i n g i n t e r m e d i a t e s o c c u r s at o r n e a r t h e i n t e r f a c e of a h e t e r o -
geneous l iquid s t y s t e m . 
Thus f a r i n t e r f a c i a l p o l y c o n d e n s a t i o n h a s b e e n e m p l o y e d ch ie f ly 
as a l a b o r a t o r y t e c h n i q u e for p r e p a r i n g c o n v e n t i o n a l a s w e l l a s new 
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and novel polymers and copolymers . With a minimum of t ime and 
equipment, the polymer chemist can now p repa re and evaluate many 
polymers which were not previously access ib le by the melt method. 
Most of the typical condensation po lymers , such as polyamides , poly-
e s t e r s , polyurethanes , polyureas , polysulfonamides, e t c . , have been 
p repa red by this method. 
No polymers or copolymers a r e known to be produced 
commerc ia l ly by this p rocess although it could readily be scaled up 
or made continuous. The use of large amounts of solvents , the 
formation of a fair amount of sa l t , and the expense of diacid halides 
a r e the chief drawbacks to commerc ia l iza t ion . It is anticipated, how-
ever , that someday novel polymers may be discovered that can be 
produced only by this technique, and this would necess i t a te c o m m e r c i a l -
ization of this polymerizat ion p r o c e s s . The anticipated eventual 
commerc i a l use of interfacial polymerizat ion inspired the select ion of 
this polymerizat ion p rocess as the subject of this study. 
Previous studies of this polymerizat ion react ion have been 
l imited to continuous removal of a polymer film formed at the interface 
of two stagnant liquid layers or to prepara t ions in Waring blenders 
(1, 7). Both of these methods have se r ious drawbacks for studying 
ex t remely fast reac t ions and determinat ion of exact react ion r a t e s . 
In this study the deficiencies associa ted with the other techniques 
were minimized by car ry ing out the react ions in a tubular r eac to r 
attached to a mixing tee . 
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The Lnterfacial polycondensation of 610 Nylon (polyhexamethylene 
Sebacamide) was selected as the specific react ion for study. The 
formation of 610 Nylon was accomplished by react ing sebacoyl chloride 
dissolved in carbon te t rach lor ide with hexamethylene diamine (HMDA) 
dissolved in water . Sodium hydroxide was also dissolved in the 
aqueous phase to neut ra l ize the hydrochloric acid generated by the 
react ion. 
The effect of the following var iables on react ion ra te were 
evaluated: (a) reactant concentra t ions , (b) Reynolds number , (c) 
addition of de te rgents , (d) r e a c t o r length, (e) degree of d ispers ion 
of the organic phase , and (f) ra t io of r eac t an t s . 
The data collected in this investigation cannot be compared with 
any other , as no data on interfacial polycondensations in tubular r e -




The chemis t ry of Lnterfacial polycondensation has been d e -
scr ibed by Morgan and Kwolek (2), and their explanation will be re 
s tated h e r e . The react ion between a diacid chloride and a diamine 
will be used as a typical example. The react ion proceeds in the 
following manner : 
O o k o o H ClC(CH 2 ) g f ic i H 2N(CH 2 ) 6NH 2 —2* Clfi(CH2)gQ — ]$I(CH2)6NH, 
t l H 
9 9 H k + ft # /* 
and C l C ( C H 2 ) g g - N ( C H 2 ) 6 N H 2 — ^ C1C(CH2) C - N(CH2)6NH2 
i l H 
«+• diamine sal t 
k + > k9 >
 Mk . . . . •• 
H 2 reactant mixing 
In termedia tes of this type a r e believed to react by an 3^2 (nucleo-
philic) mechanism to form a protonated amide from which a proton 
is rapidly el iminated in the p resence of more b a s e . The proton 
acceptor is p resumably an amine group on a diamine molecule or 
the end of an ol igomer chain. Water also could act as the proton 
c a r r i e r . The amine can be regenera ted in the aqueous phase by the 
use of inorganic base . 
5 
High p o l y m e r f o r m s in a f r a c t i o n of a s e c o n d when a diaeid 
c h l o r i d e so lu t ion is b r o u g h t into con tac t wi th an aqueous d i a m i n e 
so lu t i on . In th i s p e r i o d of t i m e , e q u i v a l e n t s of the r e a c t a n t s m u s t 
c o m b i n e n e a r l y q u a n t i t a t i v e l y , e l i m i n a t e two e q u i v a l e n t s of h y d r o g e n 
c h l o r i d e , and f o r m a p r e c i p i t a t e . In o r d e r to a c h i e v e t h i s , t h e r e -
ac t i on r a t e s m u s t be e x t r e m e l y f a s t , and indeed the a b s o l u t e r e -
ac t i on r a t e s of u n h i n d e r e d a l i p h a t i c a c i d c h l o r i d e s wi th p r i m a r y 
d i a m i n e s h a v e so f a r b e e n i m m e a s u r a b l y fas t but have b e e n 
2 4 / 
e s t i m a t e d to be b e t w e e n 10 to 10 l i t e r s / m o l e - s e c o n d in h o m o g e n e o u s 
so lu t ion (2) . The c r i t e r i o n for h igh p o l y m e r f o r m a t i o n is t ha t t h e 
r e a c t i o n r a t e m u s t be f a s t e r t han m i x i n g and c o n s i d e r a b l y f a s t e r 
t han any i m p o r t a n t s i d e r e a c t i o n at the p o l y m e r i z a t i o n s i t e . A l s o , 
t h e r e m u s t be suf f ic ient t i m e to e s s e n t i a l l y c o m p l e t e t h e p o l y m e r i -
za t ion b e f o r e t h e p o l y m e r p r e c i p i t a t e s o r g e l s . 
In an u n s t i r r e d s y s t e m d i r e c t and i n d i r e c t e v i d e n c e po in t s to 
t he f o r m a t i o n of m o s t c o n d e n s a t i o n p o l y m e r s Ln the o r g a n i c p h a s e . 
The p r i m a r y func t ions of the a q u e o u s p h a s e a r e to s e r v e a s so lven t 
m e d i u m for t h e d i a m i n e and the a c i d a c c e p t o r and to r e m o v e b y -
p r o d u c t a c i d f r o m the p o l y m e r i z a t i o n z o n e . The i n t e r f a c e p r o v i d e s 
t h r o u g h so lub i l i t y d i f f e r e n c e s a c o n t r o l l e d i n t roduc t i on of the a q u e o u s 
r e a c t a n t into an e x c e s s of d i ac id h a l i d e in the o r g a n i c p h a s e a d j a c e n t 
to the i n t e r f a c e . 
Upon p h a s e con t ac t bo th r e a c t a n t s and s o l v e n t s t end to b e c o m e 
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parti t ioned with the opposite phase . The diamine near ly always has 
an appreciable potential part i t ion toward the organic phase , w h e r e -
as the acid chloride has very li t t le solubility in water . Measured 
equil ibrium part i t ion coefficients (CTT ~ /C„ , A ) for diamines in ^ r x H O / Solvent ' 
useful solvent sys tems have var ied from 400 to less than 1 (4). The 
values a r e used to es t imate the re la t ive tendency of diamines to 
t r ans fe r to the organic phase during polymericat ion. Par t i t ion 
equil ibria a r e never achieved during polymerizat ion, because acy la -
tion takes place in the organic phase as rapidly as diamine is t r a n s -
fe r red ; the re fore , the mass t rans fe r of diamine is the ra te -cont ro l l ing 
step at all concentra t ions . 
During polycondensation the f irs t diamine meets a high concen-
t ra t ion of acid chloride and is acylated to a l a rge extent at both 
ends. The following diamine finds a layer of acid chlor ide- terminated 
o l igomers plus diacid chlor ide . The react ion proceeds by an i r r e v e r -
sible coupling of the o l igomers by the d iamine. The concentrat ion 
and s ize of o l igomers increases until a layer of high polymer is 
obtained. Thus, high polymer forms because of the high react ion 
ra te and the increasing probabili ty that diamine reac t s with an 
ol igomer r a the r than new diacid chlor ide . 
During this per iod of rapid react ion, the re is p resumably some 
diffusion of o l igomers further into the organic phase , but the 
diffusion of polymer chains is re la t ively slow. There is also an 
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e n t r y into t h e r e a c t i o n zone of d i a c i d c h l o r i d e by diffusion. S ince 
the r e a c t i o n is a p p r e c i a b l y e x o t h e r m i c , l o c a l m o v e m e n t m a y be in -
c r e a s e d by the h e a t i m p a r t e d to t h e r e a c t a n t s and s o l v e n t s . Much 
of th i s e n e r g y p r e s u m a b l y is a b s o r b e d by t h e s o l v e n t s . 
It m a y be c o n s i d e r e d tha t t h e r e a c t i o n t a k e s p l a c e in a s e r i e s 
of i n c r e m e n t a l l a y e r s t h r o u g h which the d i a m i n e a d v a n c e s f r o m t h e 
i n t e r f a c e ; t h e r e a c t i o n r a t e e x c e e d s d i a m i n e f low. An in i t i a l l a y e r 
of p o l y m e r f o r m s as the a m o u n t of d i a m i n e b e c o m e s equa l to the 
a c i d c h l o r i d e . The p o l y m e r in t h i s l a y e r b e c o m e s c a p p e d wi th 
a m i n e g r o u p s and d i a m i n e p a s s e s on to the nex t l a y e r . In s u c c e s s -
ive l a y e r s t he a c i d c h l o r i d e c o n c e n t r a t i o n is in i t i a l ly h i g h e r t han 
tha t of d i a m i n e . S i m u l t a n e o u s l y the d i a m i n e flow d r o p s off b e c a u s e 
of the r e c e s s i o n of the r e a c t i o n zone into t h e o r g a n i c p h a s e and the 
i n c r e a s e d r e s i s t a n c e to diffusion b r o u g h t abou t by f o r m a t i o n of p o l y -
m e r g e l . T h e r e m a y e x i s t in the f inal f i lm a g r a d a t i o n of a v e r a g e 
m o l e c u l a r w e i g h t s and r a t i o of end g r o u p s f r o m one face of t h e f i lm 
to the o t h e r . 
F o l l o w i n g t h e in i t i a l f a s t add i t i on of d i a m i n e to a c i d c h l o r i d e , 
h y d r o g e n c h l o r i d e is e l i m i n a t e d in a s t i l l f a s t e r s t e p and t r a n s f e r r e d 
to the a q u e o u s p h a s e . E l i m i n a t i o n and t r a n s f e r of t he h y d r o g e n and 
c h l o r i d e ions a r e p r e s u m e d to o c c u r wi th the a s s i s t a n c e of w a t e r o r 
a m i n e . H y d r o g e n c h l o r i d e is r e t a i n e d in the a q u e o u s p h a s e a s t h e 
d i a m i n e s a l t o r it m a y be n e u t r a l i z e d t h e r e by an i n o r g a n i c b a s e . 
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Exper iments have shown that acid chloride hydrolysis takes 
place exclusively in the aqueous phase (4). Most diacid chlor ides 
have low solubility in water and thus a r e protected from hydro lys i s . 
The sho r t e r chain aliphatic acid chlor ides a r e the most water 
soluble and consequently a r e hydrolyzed to the g rea te r extent. 
As the concentrat ion of polymer species i nc r ea se s , interchain 
contacts inc rease until a compact network is formed and p rec ip i t a -
tion r e s u l t s . At the point where a coherent film is formed, poly-
mer iza t ion does not stop ent i rely but is great ly dec reased in ra te 
because of the lower mobility of the polymer chains and the d e -
c r ea sed diffusion ra te of the r eac t an t s . While the initial polymer 
reaches the maximum molecular weight permi t ted by the sys tem, 
the re is a secondary growth of low polymer in the spaces of the 
gel and upon the face of the film touching the organic phase . This 
leads to a lowering of the average molecular weight and a b roaden-
ing of the molecular weight dis tr ibut ion. 
The mechanism for s t i r r e d polymerizat ion is the s ame as for 
uns t i r r ed except that s t i r r i ng a s s i s t s the t r ans fe r of reac tan ts and 
by-produc t s . When thin films form about the droplets of reactant 
solution, they may be torn away and fresh surface exposed for r e -
newed react ion . 
The question a r i s e s as to what differences, if any, exist b e -
tween melt condensation polymers and polymers produced by in te r -
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f ac i a l p o l y m e r i z a t i o n . In g e n e r a l t h e r e a r e no d i f f e r e n c e s b e t w e e n 
p o l y m e r s p r o d u c e d by the two m e t h o d s as I n t e r f a c l a l p o l y m e r s a r e 
u s u a l l y n o r m a l , l i n e a r c o n d e n s a t i o n p o l y m e r s . The a c i d c h l o r i d e 
end g r o u p s of I n t e r f a c l a l p o l y m e r s a r e h y d r o l y z e d to y i e ld s t a b l e 
c a r b o x y l end g r o u p s . 
610 Nylon p r o d u c e d In a W a r i n g b l e n d e r by B e a m a n , M o r g a n , 
e t . a l . (3) had an Inhe ren t v i s c o s i t y of 2. 06, a n u m b e r a v e r a g e m o l e -
c u l a r we igh t of 18 ,900 , t h i r t y - s e v e n e q u i v a l e n t s of a m i n e end g r o u p s , 
and s i x t y - n i n e e q u i v a l e n t s of c a r b o x y l end g r o u p s p e r m i l l i o n g r a m s 
of p o l y m e r . T h e s e v a l u e s a r e t y p i c a l of t h o s e ob ta ined for m e l t c o n -
d e n s a t i o n p o l y a m l d e s . It Is I n t e r e s t i n g to no te tha t bo th m e l t and 
I n t e r f a c l a l p o l y a m l d e s have a h igh r a t i o of c a r b o x y l to a m i n e end 
g r o u p s . In m e l t c o n d e n s a t i o n , t h i s a r i s e s f r o m l o s s of d i a m i n e 
t h r o u g h v a p o r i z a t i o n d u r i n g the c o n d e n s a t i o n c y c l e . In I n t e r f a c l a l 
p o l y m e r i z a t i o n th i s p r o b a b l y a r i s e s f r o m a c o m b i n a t i o n of a c i d 
c h l o r i d e h y d r o l y s i s and capp ing of p o l y m e r ends by a c i d c h l o r i d e . 
V e r y few da ta have been r e p o r t e d on t h e sub jec t of m o l e c u l a r 
weight d i s t r i b u t i o n of I n t e r f a c l a l p o l y a m l d e s , but W l t t b e c k e r and 
M o r g a n (1) r e p o r t t ha t In g e n e r a l the m o l e c u l a r weight d i s t r i b u t i o n 
of I n t e r f a c l a l p o l y a m l d e s Is s i m i l a r to o r even n a r r o w e r t h a n t h o s e 
r e s u l t i n g f r o m m e l t p o l y m e r i z a t i o n . The p a u c i t y of t h i s I n f o r m a -
t ion can be a t t r i b u t e d to the fact tha t m o l e c u l a r weight f r a c t i o n a t i o n 
of p o l y m e r s is a t e d i o u s and t i m e c o n s u m i n g o p e r a t i o n . 
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E v e n though the p o l y m e r s p r o d u c e d by the two c o n d e n s a t i o n 
m e t h o d s a r e e s s e n t i a l l y i d e n t i c a l , v a s t d i f f e r e n c e s e x i s t in the 
b a s i c p o l y m e r i z a t i o n p r i n c i p l e s of the two m e t h o d s . Mel t c o n d e n -
s a t i o n s t r e s s e s the p r i n c i p l e s of h igh p u r i t y of i n t e r m e d i a t e s , e x a c t -
ing b a l a n c e of r e a c t i n g c o m p o n e n t s , and h igh y i e ld . In i n t e r f a c i a l 
p o l y c o n d e n s a t i o n , a l l t h r e e of t h e s e p r i n c i p l e s a p p e a r to have b e e n 
v i o l a t e d . 
It is not s u r p r i s i n g tha t m o s t i m p u r i t i e s cannot be t o l e r a t e d 
in a h o m o g e n e o u s m e l t p o l y m e r i z a t i o n wi th t e m p e r a t u r e s a p p r o a c h i n g 
o 
300 C. H o w e v e r , b e c a u s e of the m i l d r e a c t i o n cond i t ions of i n t e r -
f ac i a l p o l y c o n d e n s a t i o n , a g r e a t e r n u m b e r of t h e i m p u r i t i e s f r e -
quen t ly p r e s e n t in o r g a n i c i n t e r m e d i a t e s a r e u n r e a c t i v e . In o t h e r 
w o r d s , func t iona l g r o u p s which a r e m u c h l e s s r e a c t i v e t han t h e two 
upon wh ich the p o l y c o n d e n s a t i o n is b a s e d can be p r e s e n t wi thout in -
t e r f e r i n g wi th the f o r m a t i o n of p o l y m e r of high m o l e c u l a r w e i g h t . 
In a d d i t i o n , t he h e t e r o g e n e i t y of t h i s p o l y m e r i z a t i o n keeps s o m e of 
t h e i m p u r i t i e s , e s p e c i a l l y t h o s e tha t a r e v e r y so lub l e in w a t e r , f r o m 
e v e r r e a c h i n g t h e r e a c t i o n z o n e . As is t h e c a s e wi th m e l t p o l y -
m e r i z a t i o n , r e a c t i v e monofunc t iona l i n t e r m e d i a t e s wi l l l i m i t t he m o l e -
c u l a r we igh t by cha in t e r m i n a t i o n , and r e a c t i v e i n t e r m e d i a t e s wi th a 
func t iona l i ty g r e a t e r t han two wi l l b r a n c h and f ina l ly c r o s s l i n k the 
p o l y m e r . 
In a h o m o g e n e o u s , m e l t p o l y c o n d e n s a t i o n the two d i f fe ren t 
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func t iona l g r o u p s m u s t be p r e s e n t in equ iva l en t a m o u n t s o r t h e p o l y -
m e r c h a i n s s t op g r o w i n g when they a r e a l l t e r m i n a t e d by the s a m e 
g r o u p . A c h e m i c a l b a l a n c e is a t t a i n e d in p o l y a m i d e s by the u s e of 
a b a l a n c e d d i a m i n e - d i b a s i c a c i d s a l t . S ince i n t e r f a c i a l p o l y c o n d e n -
s a t i o n is a h e t e r o g e n e o u s r e a c t i o n and t h e r e a c t a n t s m u s t diffuse 
t o w a r d t h e i n t e r f a c e , l a r g e e x c e s s e s of one of t he r e a c t a n t s can be 
t o l e r a t e d wi thout l i m i t i n g the m o l e c u l a r w e i g h t . In o t h e r w o r d s , r e -
a c t a n t e q u i v a l e n c e is a t t a i n e d in the p o l y m e r i z a t i o n zone even though 
the s y s t e m t a k e n a s a who le is u n b a l a n c e d . T h u s , two m o l e s of 
d i a m i n e and one m o l e of d i ac id c h l o r i d e wi l l p r o d u c e high m o l e c u l a r 
weigh t p o l y m e r , a l though t h e r e a c t a n t s t o i c h i o m e t r i c r a t i o is one to 
o n e . 
In m e l t p o l y c o n d e n s a t i o n , it is n e c e s s a r y for a s u c c e s s f u l r e -
ac t i on to p r o c e e d v e r y n e a r l y to c o m p l e t i o n , wi thout s i d e r e a c t i o n s 
t ha t c o n s u m e t h e func t iona l g r o u p s tha t a r e n e e d e d for t h e p r o d u c t i o n 
of l a r g e , l i n e a r m o l e c u l e s . In c o n t r a s t , it is not n e c e s s a r y for i n -
t e r f a c i a l p o l y c o n d e n s a t i o n to p r o c e e d q u a n t i t a t i v e l y ; h igh m o l e c u l a r 
weight p o l y m e r s have b e e n p r e p a r e d in y i e l d s a s low a s 5 p e r c e n t . 
It m i g h t be e x p e c t e d tha t i n t e r f a c i a l p o l y c o n d e n s a t i o n would 
fai l to y i e ld h igh p o l y m e r s , s i n c e e i t h e r h y d r o l y s i s of one end of 
d i a c i d c h l o r i d e j u s t b e f o r e the o t h e r end r e a c t s wi th an a m i n e g r o u p 
o r h y d r o l y s i s of an a c i d c h l o r i d e g roup on the end of a g rowing 
p o l y m e r cha in would l ead to e a r l y t e r m i n a t i o n of t he p o l y m e r i z a t i o n . 
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It must be concluded, however, that actually these side react ions 
a r e negligible, s ince high molecular weights a r e obtained from 
proper ly run interfacial polycondensations. 
Since interfacial polycondensation is an i r r eve r s ib l e random 
coupling of complementary components with the elimination of a by-
produce, such as hydrogen chlor ide, the re is no interchange between 
linkages once they a r e formed. Thus, a major difference between 
this polymerizat ion and conventional melt polycondensation is that 
the re is no equilibration among polymer species of varying mole -
cular weights . The distr ibution of chain lengths resul t ing from melt 
polycondensation is known from theore t ica l considerat ions (8) and 
actual fractionation data (9). Interfacial polycondensation, however, 
leads to various d is t r ibut ions , depending on react ion condit ions. 
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CHAPTER III 
EQUIPMENT AND PROCEDURE 
The items of equipment used in the expe r imen ta l work were 
two ten-gal lon, s ta in less s tee l tanks; s eve ra l l /4 inch s ta in less 
s tee l globe valves; two t h e r m o m e t e r s ; t h r ee s ta in less s tee l c en t r i -
fugal pumps manufactured by Eas t e rn Indus t r ies , I n c . ; two heat ex-
changers which consis ted of loops of s ta in less s tee l tubing sub-
merged in buckets of ice water ; two Fisher and P o r t e r r o t a m e t e r s ; 
a glass acid r e s e r v o i r ; a s tandard 1/4 inch s ta in less s tee l pipe tee 
which se rved as a mixing t ee ; a tubular r eac to r constructed of 
var ious lengths of 3/8 inch s ta in less s tee l tubing; a quick opening 
valve; and a drying oven. A schemat ic d iagram of the exper imenta l 
equipment is shown in F igure 1. 
In o rde r to minimize cor ros ion and prevent contamination of 
the solut ions, a l l equipment and piping which contacted the sebacoyl 
chlor ide , hydrochlor ic acid, and hexamethylene diamine solutions 
were constructed of ei ther s ta in less s tee l , g l a s s , or polyvinyl 
chloride p las t i c . 
In o rde r to prevent react ion of the solutions with gases in the 
i 
a i r , the sebacoyl chloride holding tank was vented to the a tmosphe re 
through a water absorpt ion t ra in consist ing of d r i e r i t e , calcium 
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chlor ide, and a bubbler of sebacoyl chloride solution. Similar ly , 
the diamine tank was vented to a carbon dioxide absorpt ion t ra in 
consist ing of calcium oxide and a bubbler of hexamethylene diamine 
solution. 
A HMDA stock solution of ca. 0. 5 mola r was made up when 
needed by adding 1-2 l i t e r s of 85 per cent Nylon grade hexamethylene 
diamine (supplied by the Du Pont Company) and 10-15 l i t e r s of d i s -
ti l led water to a 5-gallon, glass carboy. Ten ml . of the resul t ing 
solution were t i t ra ted with s tandardized HC1 solution to the methyl 
red endpoint to de termine the molar i ty of the HMDA solution. Since 
the volume of water and concentrated HMDA added to the carboy were 
accura te ly known, the number of moles of HMDA in the carboy could 
be calculated. Two moles of sodium hydroxide for each mole of 
HMDA in the carboy were added to ca. two l i t e r s of dist i l led wate r , 
and the volume of the $odium hydroxide solution at room t e m p e r a t u r e 
was noted. The sodium hydroxide solution was then added to the 
carboy, and the HMDA molar i ty was recalcula ted to co r r ec t for 
dilution. Calculated amounts of HMDA stock solution and wate r were 
then added to the HMDA solution holding tank. 
Sebacoyl chloride solution of the des i red molar i ty was obtained 
by adding a measu red amount of pure sebacoyl chloride (obtained 
from Trubeck Labora tor ies ) to a measu red volume of carbon t e t r a -
chlor ide . The sebacoyl chloride was measu red in graduated p ipe t tes , 
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and the carbon t e t r a c h l o r i d e was measu red by weighing. The r e -
sulting solution was then added to the sebacoyl chloride solution 
holding tank. 
All runs were made at a t empe ra tu r e of 68.0 F . This t e m -
pe ra tu r e was chosen because ambient t e m p e r a t u r e was always s o m e -
what higher than th i s ; the re fore , this t e m p e r a t u r e could always be 
readi ly obtained by cooling of the solut ions. Cooling of the solu-
tions was accomplished by rec i rcu la t ing the contents of the tanks 
through a heat exchanger . The heat exchanger consis ted mere ly of 
a coil of s ta in less s tee l tubing i m m e r s e d in a bucket of ice water . 
Solution t e m p e r a t u r e s were measu red by t h e r m o m e t e r s located on 
the suction side of each centrifugal pump. The rec i rcu la t ing flow 
ra te was control led by adjusting a meter ing valve so that both 
solutions reached a t e m p e r a t u r e of 68. 0 F . s imultaneously. 
When both solutions reached a t empera tu re of 68.0 F . , r e -
ci rculat ion was stopped and the flow was diver ted through the r o t a -
m e t e r s . The r o t a m e t e r s had a nominal capacity of two gallons of 
water per minute , but this could be increased by changing floats . 
The r o t a m e t e r s were ca l ibra ted for both water and carbon t e t r a -
chloride (see F igure 2). The flows to the r o t a m e t e r s were adjusted 
by manipulation of mete r ing valves until the des i red flow ra tes were 
obtained. The aqueous s t r e a m entered the back connection of the 
l /4 inch pipe mixing tee , and the organic s t r e a m entered the side 
17 
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connection of the t ee . After merging In the mixing tee , the s t r e a m s 
entered a tubular r eac to r which consis ted of ei ther an 8^ Inch 
length or a 36^ inch length of 3/8 inch OD -0 . 305 inch ID s ta in less 
s tee l tubing. 
When the flows through the r o t a m e t e r s had set t led down to the 
des i red r a t e s , the r eac to r effluent was sampled by rapidly i n se r t -
ing a t a r ed beaker containing ca. 1800 ml . of 2N HC1 solution under 
the r eac to r exit. The contents of the beaker were vigorously 
s t i r r e d during and after the sampling per iod. The beaker was r e -
moved after ca . one l i ter of sample had been collected. The beaker 
was reweighed to de te rmine the exact weight of sample collected. 
The acid in the beaker immediately neut ra l ized the remaining HMDA 
and sodium hydroxide in the sample thereby te rminat ing the reac t ion . 
After 25 runs had been made , it was feared that the acid in 
the beaker might not be neutra l iz ing the basic sample rapidly enough; 
the re fore , a l /4 inch pipe tee was connected to the r eac to r exit; 
and an acid injection sys tem consist ing of an acid r e s e r v o i r , a cen-
trifugal pump, and a quick opening valve was piped to the side 
connection of the t e e . 
The procedure for operat ing the acid injection sys tem was the 
following. About a l i ter of 2N hydrochloric acid was poured into 
the acid r e s e r v o i r ; the pump was turned on and some acid was 
pumped through the valve to a s s u r e that the line to the valve was 
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full of acid. The valve was then closed, the pump turned off, and 
the r e s e r v o i r removed after the flexible hose attached to It had been 
sealed off by p lnchclamps. The r e s e r v o i r was weighed and this 
weight recorded as the Initial weight. The r e s e r v o i r was then r e -
placed In the sys t em, the pinchclamps loosened, and the pump t u r n -
ed on with the d ischarge valve closed. When the flows of the two 
reactant s t r e a m s through the r eac to r had become steady, the run 
was sampled in the normal manner except that the quick-opening 
valve was opened at the same instant the beaker was inser ted under 
the r eac to r exit. At the terminat ion of sampling, the valve was 
closed an instant before the sampling beaker was removed. The 
valve was positioned above the injection tee ; consequently the line 
from the valve to the tee was empty pr ior to and at the end of each 
run. After each run the acid r e s e r v o i r was removed and reweighed 
to de te rmine the amount of acid that had been injected. The weight 
of acid injected var ied between 125-300 g rams per run, depending up-
on reac tant flow r a t e s . The weight of the beaker was de te rmined 
and the weight of injected acid was subt rac ted from the g ross weight 
of sample to yield the net weight of sample collected per run. 
At the completion of the weighing operat ion, the sample was 
tes ted with indicator paper to make su re that it was acidic (all 
samples were acidic) . Since 610 Nylon of all molecular weights is 
insoluble in both water and carbon te t rach lor ide (2), it was a s imple 
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mat te r to sepa ra t e the polymer gel from the liquid by fi l tration 
through a fri t ted glass funnel. The polymer was washed with water 
s eve ra l t imes to remove sal ts and some of the organic solvent. The 
wet polymer gel was collected on a t a r ed watch glass and placed in 
a 215-220 F . oven to drive off water and carbon t e t r ach lo r ide . The 
sample was dr ied until a constant weight was obtained on a four 
place analyt ical balance. 
The dry weight of polymer was multiplied by 0.846 to convert 
from weight of polymer to weight of sebacoyl chloride reac ted to p r o -
duce the po lymer . The factor 0. 846 is the ra t io of the molecular 
weight of sebacoyl chloride to that of a repeat unit of 610 Nylon. The 
molecula r weight of sebacoyl chloride is 239.0 g r a m s , and the weight 
of a repeat unit of 610 Nylon is 282.4 g r a m s . Since one mole of 
sebacoyl chloride and one mole of HMDA reac t to produce one repeat 
unit of polymer , the weight of polymer must be multiplied by 
239. 0/282. 4 to calculate the amount of sebacoyl chloride consumed. 
The weight of the polymer end groups may be neglected in this c a l -
culation as the molecular weight of 610 Nylon produced by this method 
is high; the number average molecular weight equals 18, 900 (3). The 
g r a m s of sebacoyl chloride reac ted per ki logram of r e a c t o r effluent 
sample collected were calculated. This quantity is an indication of 
the productivity of the overa l l p rocess which includes both kinetic 
and diffusional mechan i sms . It will be r e f e r r e d to as the product i -
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vity ra t io . P e r cent conversion (yield) was also calculated. P e r 
cent conversion Indicates the weight of the reactant present In 
sma l l e r amount reacted divided by the or iginal weight of this compo-
nent; the quotient was multiplied by 100 to convert to per cent. 
Beaman, Morgan, et a l . (3) suggested use of reactant concen-
t ra t ions such that only 1-3 g rams of polymer a r e produced for every 
100 ml . of combined water and organic solvent. In this work, only 
1-3 g r ams of polymer were produced per ki logram of combined so l -
vents . Low reactant concentrat ions were del iberately chosen to 
avoid possible plugging of the r eac to r and to minimize t e m p e r a t u r e 
r i s e at the interface due to heat generated by the react ion. It was 
n e c e s s a r y , however, to d i sassemble and clean the reac to r and mix -
ing tee after each run in o rde r to get r id of polymer gel depos i t s . 
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C H A P T E R IV 
DISCUSSION O F R E S U L T S 
F i f ty - f ive e x p e r i m e n t a l r u n s w e r e m a d e . The p r o c e s s con -
d i t ions and r e s u l t s of t h e s e r u n s a r e s u m m a r i z e d in T a b l e 1, 
Append ix B . 
P o l y m e r i z a t i o n t e m p e r a t u r e for a l l the r u n s was he ld c o n s t a n t 
o 
at 68 . 0 F . R e a c t o r exit t e m p e r a t u r e s w e r e m e a s u r e d a t s e v e r a l 
cond i t i ons and found to be t h e s a m e as the t e m p e r a t u r e s of t h e e n -
t e r i n g s t r e a m s ; t h e r e f o r e , t he r e a c t i o n s w e r e conduc t ed at a d i a b a t i c , 
i s o t h e r m a l c o n d i t i o n s . S e b a c o y l c h l o r i d e so lu t i ons wi th m o l a r i t i e s 
o v e r t h e r a n g e 0. 0478 to 0. 1913 and h e x a m e t h y l e n e d i a m i n e s o l u t i o n s 
o v e r t he m o l a r i t y r a n g e of 0. 030 to 0. 1518 w e r e u s e d . The m o l a r 
r a t i o of HMDA to s e b a c o y l c h l o r i d e in the r e a c t o r v a r i e d f r o m 4:1 
to 1:2. R e a c t o r Reyno lds n u m b e r s of 17 ,050 , 2 4 , 2 0 0 , 3 3 , 8 5 0 , and 
4 0 , 5 0 0 w e r e u s e d for the v a r i o u s r u n s . The m e t h o d u s e d to c a l c u -
la te the Reyno lds n u m b e r s is shown in Appendix A. Acid in jec t ion 
into the r e a c t o r was u s e d in the l a s t t h i r t y r u n s . R e a c t o r l eng ths 
of 8-| and 36^ inches w e r e u s e d for the f i r s t t w e n t y - f i v e r u n s . The 
add i t ion of t he a c i d in jec t ion t e e i n c r e a s e d the r e a c t o r l eng ths by 
5 /8 - 3 /4 i n c h e s . The r e a c t o r was c o n s t r u c t e d of s t a n d a r d 3 /8 
inch OD s t a i n l e s s s t e e l t ub ing . In e a c h run equa l flow r a t e s by 
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weight of t he two r e a c t a n t s t r e a m s w e r e m a i n t a i n e d . 
P r o d u c t i v i t y r a t i o s , r e p o r t e d a s g r a m s of s e b a c o y l c h l o r i d e 
c o n s u m e d p e r k i l o g r a m of r e a c t o r effluent s a m p l e , a r e p lo t t ed In 
F i g u r e s 3 - 8 a s a funct ion of r e a c t a n t c o n c e n t r a t i o n s and Reyno lds 
n u m b e r s . S o m e of the f i g u r e s f e a t u r e r e a c t a n t c o n c e n t r a t i o n s 
r a i s e d to p o w e r s o t h e r than un i ty . T h i s w a s done to a s s e s s fully 
the effect of r e a c t a n t c o n c e n t r a t i o n s on p r o d u c t i v i t y r a t i o ; t h i s wi l l 
be d i s c u s s e d l a t e r in m o r e d e t a i l . The da ta for the two r e a c t o r 
l eng ths a r e p lo t t ed s e p a r a t e l y , a l though it is s e e n tha t r e a c t o r l e n g t h 
does not have an a p p r e c i a b l e effect on p r o d u c t i v i t y r a t i o . 
The t e r m " p r o d u c t i v i t y r a t i o " was co ined to d e s c r i b e the o v e r -
a l l r e a c t i o n p r o c e s s . The r e a c t i o n p r o c e s s is a f fec ted by the 
a b s o l u t e r e a c t i o n r a t e of the p o l y m e r i z a t i o n r e a c t i o n ; the diffusion of 
r e a c t a n t s , p r o d u c t s , and b y - p r o d u c t s ; and Reyno lds n u m b e r . P r o -
duc t iv i ty r a t i o is def ined as the weight in g r a m s of t he r e a c t a n t 
p r e s e n t in s m a l l e r c o n c e n t r a t i o n r e a c t e d p e r k i l o g r a m of r e a c t o r 
eff luent . In m o s t of the r u n s , s e b a c o y l c h l o r i d e w a s the r e a c t a n t 
p r e s e n t in l o w e r c o n c e n t r a t i o n . In the r u n s w h e r e h e x a m e t h y l e n e 
d i a m i n e was p r e s e n t in l o w e r c o n c e n t r a t i o n , the m o l e s of HMDA r e -
a c t e d w e r e c o n v e r t e d to m o l e s of s e b a c o y l c h l o r i d e and s u b s e q u e n t l y 
to g r a m s of s e b a c o y l c h l o r i d e and r e p o r t e d a s s u c h . P r o d u c t i v i t y 
r a t i o is r e p o r t e d a s g r a m s of s e b a c o y l c h l o r i d e r e a c t e d p e r k i lo -
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p r o d u c t i v i t y r a t i o i n d i c a t e s the p r o d u c t i o n of p o l y m e r tha t can be o b -
t a i n e d f r o m a p a r t i c u l a r t u b u l a r r e a c t o r for a g iven t h r u p u t at 
s p e c i f i e d p r o c e s s c o n d i t i o n s . P r o d u c t i v i t y r a t i o is not a r a t e a s 
r e a c t i o n t i m e does not inf luence i t . It wi l l be s e e n l a t e r t ha t r e -
a c t o r r e s i d e n c e t i m e has l i t t l e effect on p r o d u c t i v i t y r a t i o in m o s t 
c a s e s . 
F i g u r e 3 i l l u s t r a t e s p r o d u c t i v i t y r a t i o for the 36^ inch r e a c t o r 
a s a funct ion of Reyno lds n u m b e r and t h e p r o d u c t of r e a c t a n t c o n -
c e n t r a t i o n s , e a c h r a i s e d to the f i r s t p o w e r . F i g u r e 4 shows the 
s a m e d a t a p lo t t ed as a funct ion of Reyno lds n u m b e r and the p r o d u c t 
of s e b a c o y l c h l o r i d e c o n c e n t r a t i o n r a i s e d to t h e 1. 3 p o w e r and HMDA 
c o n c e n t r a t i o n to t h e f i r s t p o w e r . F i g u r e 5 i l l u s t r a t e s p r o d u c t i v i t y 
r a t i o for t h e 8^ inch r e a c t o r as a funct ion of Reyno lds n u m b e r and 
the p r o d u c t of the f i r s t p o w e r s of the two r e a c t a n t c o n c e n t r a t i o n s . 
F i g u r e 6 is i d e n t i c a l to F i g u r e 5 excep t t ha t the s e b a c o y l c h l o r i d e 
c o n c e n t r a t i o n is r a i s e d to the 1. 3 p o w e r . F i g u r e 7 is i d e n t i c a l to 
F i g u r e 5 excep t tha t the s e b a c o y l c h l o r i d e c o n c e n t r a t i o n is s q u a r e d , 
and F i g u r e 8 is i den t i ca l to F i g u r e 5 excep t tha t t h e HMDA c o n c e n -
t r a t i o n is s q u a r e d . 
It is s e e n f r o m t h e s e f i g u r e s tha t p r o d u c t i v i t y r a t i o de f in i t e ly 
is not p r o p o r t i o n a l to t he s e c o n d p o w e r (and, by i n f e r e n c e , h i g h e r 
p o w e r s ) of t he c o n c e n t r a t i o n of e i t h e r r e a c t a n t . T h e r e is l i t t l e 
d i f f e r e n c e b e t w e e n the c o r r e l a t i o n of p r o d u c t i v i t y r a t i o wi th the f i r s t 
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and 1. 3 p o w e r s of s e b a c o y l c h l o r i d e c o n c e n t r a t i o n . H o w e v e r , t h e 
f i r s t p o w e r of s e b a c o y l c h l o r i d e c o n c e n t r a t i o n c o r r e l a t e s s l i gh t ly 
b e t t e r wi th p r o d u c t i v i t y r a t i o at l o w e r r e a c t i o n r a t e s ; wh i l e t he 1,3 
p o w e r of s e b a c o y l c h l o r i d e c o n c e n t r a t i o n c o r r e l a t e s b e t t e r at h igh 
r e a c t i o n r a t e s . 
Th i s a p p a r e n t a n o m a l y is b e l i e v e d to a r i s e f r o m the p a r t i c u -
l a r s e t of e x p e r i m e n t a l cond i t ions u s e d in t h e s e r u n s . As an e x -
ped i en t for c o n s e r v i n g c a r b o n t e t r a c h l o r i d e so lven t and in p e r m i t t i n g 
u s e of an a v a i l a b l e r o t a m e t e r , an equa l weight b a s i s , i n s t e a d of an 
equa l v o l u m e b a s i s , was c h o s e n for the flow r a t e s of t he two r e -
a c t a n t s t r e a m s . S ince c a r b o n t e t r a c h l o r i d e ha s a spec i f i c g r a v i t y 
of 1. 594 at 20 C. , 61. 5 v o l u m e p e r cen t of t h e l iquid in t he r e a c t o r 
was a q u e o u s p h a s e and 38 . 5 v o l u m e p e r cen t was o r g a n i c p h a s e . At 
low c o n v e r s i o n s , t h i s m a k e s no a p p r e c i a b l e d i f f e r ence as the c o n -
c e n t r a t i o n s of the p h a s e s would not change m u c h d u r i n g the c o u r s e 
of the r e a c t i o n . H o w e v e r , at h i g h e r c o n v e r s i o n s an a p p r e c i a b l e 
c o n c e n t r a t i o n c h a n g e does o c c u r d u r i n g the c o u r s e of t h e r e a c t i o n , 
and the s e b a c o y l c h l o r i d e c o n c e n t r a t i o n would change m o r e than the 
HMDA c o n c e n t r a t i o n . At s o m e of the h i g h e r p r o d u c t i v i t y r a t i o s , 
30 - 40 p e r cen t of t h e s e b a c o y l c h l o r i d e o r i g i n a l l y p r e s e n t was r e -
a c t e d ; t h e r e f o r e , its c o n c e n t r a t i o n would change by th i s m u c h . 
A n o t h e r f a c t o r tha t p r e v e n t e d the HMDA c o n c e n t r a t i o n f r o m changing 
a p p r e c i a b l y is t ha t e x c e s s HMDA was u s e d in m o s t of t h e r u n s . 
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T h e r e f o r e , s i n c e t h e s e b a c o y l c h l o r i d e c o n c e n t r a t i o n u s u a l l y changed 
m o r e than the HMDA c o n c e n t r a t i o n d u r i n g a run ( e s p e c i a l l y at h igh 
c o n v e r s i o n s ) , it would a p p e a r tha t s e b a c o y l c h l o r i d e c o n c e n t r a t i o n is 
m o r e i m p o r t a n t t han the HMDA c o n c e n t r a t i o n wi th r e g a r d to c o n -
t r o l l i n g p r o d u c t i v i t y r a t i o and m o r e we igh t shou ld be a s s i g n e d to it . 
It is e x p e c t e d , h o w e v e r , tha t p r o d u c t i v i t y r a t i o at a l l l eve l s would 
be p r o p o r t i o n a l to the p r o d u c t of r e a c t a n t c o n c e n t r a t i o n s r a i s e d to 
t he f i r s t p o w e r if e q u a l v o l u m e s and m o l a r i t i e s of both r e a c t a n t s had 
b e e n u s e d , o r u n d e r any c i r c u m s t a n c e s , if t he r e a c t i o n cou ld be 
s t o p p e d at a low y ie ld l e v e l . It is r e g r e t t a b l e tha t equa l we igh t s i n -
s t e a d of e q u a l v o l u m e s w e r e c h o s e n a s t he b a s i s of r e a c t a n t s t r e a m 
flow r a t e s a s it is f e a r e d tha t th i s m a y have a d v e r s e l y a f fec ted the 
qua l i t y of the d a t a s o m e w h a t . 
It is c o n c l u d e d , t h e r e f o r e , f r o m the above r e a s o n i n g tha t p r o -
duc t iv i ty r a t i o in a t u b u l a r r e a c t o r at t u r b u l e n t flow cond i t i ons is 
d i r e c t l y p r o p o r t i o n a l to t he p r o d u c t of r e a c t a n t c o n c e n t r a t i o n s . 
It is s e e n f r o m F i g u r e s 3 - 8 tha t p r o d u c t i v i t y r a t i o is h ighly 
d e p e n d e n t on t h e Reyno lds n u m b e r in the r e a c t o r . Th i s i n d i c a t e s 
tha t the r e a c t i o n r a t e of i n t e r f a c i a l p o l y m e r i z a t i o n is f a s t e r t h a n 
m i x i n g and t ha t the r e a c t i o n r a t e is l i m i t e d by the s p e e d tha t t he 
r e a c t a n t s can be b r o u g h t into c o n t a c t wi th e a c h o t h e r . S ince the r e -
a c t a n t s r e m a i n e d in the r e a c t o r only a f r a c t i o n of a s e c o n d ( s e e 
r e a c t i o n r a t e c a l c u l a t i o n in Append ix A) , it is doubtful w h e t h e r t h e r e 
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was suff ic ient t i m e for diffusion to p lay a p r o m i n e n t r o l e In the 
r e a c t i o n . 
The da ta Ind ica te tha t r e a c t o r l eng th and c o n s e q u e n t l y r e -
ac t i on t i m e does not have a p r o n o u n c e d effect on the ex ten t of t he 
r e a c t i o n . T h i s Is I l l u s t r a t e d In F i g u r e 9 which Is a c o m p o s i t e of 
the c u r v e s f r o m F i g u r e s 3 - 6 . At f i r s t g l a n c e , th i s a p p e a r s to be 
c o n t r a d i c t o r y , a s in tu i t ive ly one e x p e c t s t ha t l o n g e r r e a c t i o n t i m e 
at i d e n t i c a l Reyno lds n u m b e r s shou ld y i e ld h i g h e r c o n v e r s i o n s . It 
m u s t be r e m e m b e r e d , h o w e v e r , t ha t a tough p o l y m e r f i lm f o r m s 
at the i n t e r f a c e d u r i n g p o l y m e r i z a t i o n and tha t t he p r o c e s s m u s t 
s low down a p p r e c i a b l y when t u r b u l e n c e can no l o n g e r b r e a k a p a r t 
t h i s f i lm and e x p o s e new s u r f a c e . Of c o u r s e , r e a c t a n t s con t inue to 
diffuse t h r o u g h t h e f i lm and r e a c t , but th i s is a r e l a t i v e l y s low 
p r o c e s s . 
T h e r e is conv inc ing e v i d e n c e tha t f i lm f o r m a t i o n and not a c i d 
c h l o r i d e h y d r o l y s i s or s o m e o t h e r effect c a u s e d the r e a c t i o n s 
s t u d i e d in t h i s w o r k to s top at r e l a t i v e l y low c o n v e r s i o n s ( 4^ 50 p e r 
c e n t ) . At r e a c t a n t c o n c e n t r a t i o n s s i m i l a r to t h o s e u s e d in th i s w o r k , 
M o r g a n (4) r e p o r t e d a y i e ld of 90 p e r cen t when s e b a c o y l c h l o r i d e in 
c a r b o n t e t r a c h l o r i d e was r e a c t e d wi th h e x a m e t h y l e n e d i a m i n e in 
w a t e r fo r 2 - 3 m i n u t e s in a W a r i n g b l e n d e r . If a c id c h l o r i d e h y d r o -
l y s i s w e r e r e s p o n s i b l e for s topp ing the r e a c t i o n , it would have done 
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s h e a r is g e n e r a t e d in a W a r i n g b l e n d e r n e a r the r o t o r b l a d e , and it 
is s p e c u l a t e d tha t t h i s s h e a r i n g f o r c e b r o k e a p a r t t he p o l y m e r ge l 
and a l l o w e d t h e r e a c t i o n to p r o c e e d n e a r l y to c o m p l e t i o n . No 
s i m i l a r r e g i o n of h igh s h e a r e x i s t s in a t u b u l a r r e a c t o r ; t h e r e f o r e , 
the r e a c t i o n r a t e m u s t d e c r e a s e m a n y fold when t h e f i lm h a s bui l t 
up to an ex ten t w h e r e t u r b u l e n c e can no l o n g e r d i s r u p t it and e x p o s e 
new s u r f a c e . It is s e e n f r o m F i g u r e 9 tha t s o m e d i f f e r e n c e s do 
e x i s t b e t w e e n ex ten t of r e a c t i o n in t he two r e a c t o r s at i d e n t i c a l 
Reyno lds n u m b e r s wi th t h e l o n g e r r e a c t o r f e a t u r i n g a h i g h e r c o n v e r -
s i o n . Th i s is not b o r n e out by the l o w e r p a i r of c u r v e s , Reyno lds 
n u m b e r e q u a l s 17 ,050 ; h o w e v e r , t h e s e c u r v e s w e r e d r a w n f r o m j u s t 
a few da ta p o i n t s . The d i f f e r e n c e s b e t w e e n the u p p e r two c u r v e s , 
h o w e v e r , a r e not p r o n o u n c e d and a r e n o n e x i s t e n t at h igh p r o d u c t i v i t y 
r a t i o s at a Reyno lds n u m b e r of 3 3 , 8 5 0 . It m u s t be c o n c l u d e d , t h e r e -
f o r e , t ha t t he r e a c t i o n r a t e s lows down and s o m e t i m e s e s s e n t i a l l y 
s t ops a f t e r a c e r t a i n c r i t i c a l t i m e in the r e a c t o r . Two of the 
f a c t o r s a f fec t ing th i s c r i t i c a l t i m e a r e d e g r e e of t u r b u l e n c e and r e -
a c t a n t c o n c e n t r a t i o n s . 
It was r e p o r t e d in the l i t e r a t u r e (1), (2) tha t d i s p e r s i n g a g e n t s 
u s u a l l y i n c r e a s e r e a c t i o n r a t e ; t h e r e f o r e , two r u n s , 9a and 9b , w e r e 
m a d e wi th 0. 50 p e r cent "Dupono l M E " (Du P o n t t r a d e m a r k for 
s o d i u m l a u r y l su l f a t e ) added to the a q u e o u s p h a s e . P r o d u c t i v i t y 
r a t i o s and c o n s e q u e n t l y c o n v e r s i o n s w e r e ob t a ined tha t w e r e 300 -
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400 p e r cent h i g h e r than t h o s e ob ta ined wi th s i m i l a r r u n s w h e r e a 
d i s p e r s i n g agen t was not u s e d . It is b e l i e v e d tha t the d i s p e r s i n g 
agen t a c c o m p l i s h e d th i s by d i s p e r s i n g the o r g a n i c p h a s e Into s m a l l e r 
d r o p l e t s ; t h e r e f o r e , a l a r g e r o r g a n i c p h a s e s u r f a c e a r e a was g e n e -
r a t e d , and a s m a l l e r v o l u m e of o r g a n i c p h a s e was t r a p p e d when t h e 
p r o t e c t i v e p o l y m e r f i lm f o r m e d a r o u n d the d r o p l e t . 
Two o t h e r r u n s , 8a and 8b, f e a t u r e d a modi f i ed m i x i n g t e e 
w h e r e the o r g a n i c p h a s e e n t e r e d the r e a c t o r t h r o u g h a s m a l l tube 
which was i n s e r t e d t h r o u g h t h e c e n t e r of the t e e . T h e a q u e o u s 
p h a s e e n t e r e d t h e r e a c t o r by flowing in t h r o u g h t h e a n n u l a r s p a c e 
a r o u n d t h e c e n t e r t u b e . C o n s e q u e n t l y , the v e l o c i t i e s of bo th s t r e a m s 
in the in i t i a l m i x i n g r e g i o n w e r e m u c h h i g h e r t han n o r m a l . T h e 
Reyno lds n u m b e r in t he i n t e r i o r of t h e r e a c t o r , h o w e v e r , was t h e 
s a m e a s for p r e v i o u s r u n s . The h i g h e r m i x i n g v e l o c i t i e s r e s u l t e d 
in b e t t e r d i s p e r s i o n of the o r g a n i c p h a s e and f o r m a t i o n of s m a l l e r 
d r o p l e t s . P r o d u c t i v i t y r a t i o s and c o n v e r s i o n s for t h e s e two r u n s 
w e r e 200 - 250 p e r cen t h i g h e r t h a n n o r m a l . The r e s u l t s of t h e s e 
four r u n s i n d i c a t e tha t p r o d u c t i v i t y r a t i o and c o n v e r s i o n a r e in -
c r e a s e d when b e t t e r d i s p e r s i o n of the o r g a n i c p h a s e is o b t a i n e d , 
r e g a r d l e s s of the m e a n s u s e d to ob ta in it. 
A r e a c t i o n r a t e c o n s t a n t was c a l c u l a t e d for r u n 4a ( s e e 
Append ix A) . Th i s p a r t i c u l a r r u n was m a d e in the 8 j inch r e a c t o r 
at a Reyno lds n u m b e r of 3 3 , 8 5 0 and f a i r l y h igh r e a c t a n t c o n c e n -
3 7 
t r a t i o n s . T h e r e a c t i o n r a t e c a l c u l a t i o n was m a d e a s s u m i n g tha t t h e 
r e a c t i o n was s e c o n d o r d e r and tha t diffusion and m i x i n g could be 
n e g l e c t e d . A r e a c t i o n r a t e c o n s t a n t of 1.2 x 10^ l i t e r s / m o l e - s e c o n d 
was o b t a i n e d . The a b s o l u t e r e a c t i o n r a t e s of u n h i n d e r e d a c i d 
c h l o r i d e s wi th p r i m a r y a m i n e s have b e e n e s t i m a t e d to be in t h e 
r a n g e of 10^ - 10 4 l i t e r s / m o l e - s e c o n d (2) . S ince the r e a c t i o n r a t e for 
r u n 4a fa l l s in t h e m i d d l e of t h i s r a n g e , it was c o n c l u d e d tha t the 
a s s u m p t i o n s m a d e w e r e va l id . 
It is v i r t u a l l y i m p o s s i b l e to ob t a in a c c u r a t e r e a c t i o n r a t e c o n -
s t a n t s fo r I n t e r f a c l a l p o l y c o n d e n s a t l o n r e a c t i o n s due to t h e diff icul ty 
in m e a s u r i n g s u c h e x t r e m e l y s h o r t r e a c t i o n t i m e s and due to the u n -
s t e a d y s t a t e n a t u r e of t he r e a c t i o n . In r u n 4a, for e x a m p l e , the 
r e a c t a n t s w e r e In t h e r e a c t o r only 0. 06 of a s e c o n d . It m u s t be 
r e a l i z e d , t h e r e f o r e , tha t r a t e c o n s t a n t da t a for t h i s type of r e a c t i o n 
a r e not v e r y mean ing fu l due to d e p e n d e n c e of r e a c t i o n r a t e on t u r -
b u l e n c e and d e g r e e of d i s p e r s i o n of the o r g a n i c p h a s e , r e t a r d a t i o n 
of r e a c t i o n r a t e by f i lm f o r m a t i o n , and diff icul ty in m e a s u r i n g r e -
a c t i o n t i m e . 
P e r cen t c o n v e r s i o n of the r e a c t a n t p r e s e n t in s m a l l e r a m o u n t 
was c a l c u l a t e d fo r a l l the r u n s . The r e s u l t s a r e l i s t e d in T a b l e 1, 
Append ix B ; c o n v e r s i o n s r a n g e d f r o m 3 - 4 8 p e r c e n t . T h e h i g h e s t 
c o n v e r s i o n was ob t a ined for run 9a w h e r e a d i s p e r s i n g a g e n t , 
"Dupono l M E " , w a s added to t h e a q u e o u s p h a s e . As s t a t e d p r e -
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v i o u s l y , it is b e l i e v e d tha t r e l a t i v e l y low c o n v e r s i o n s w e r e ob ta ined 
due to l a c k of a h igh s h e a r e n v i r o n m e n t in the r e a c t o r . 
The r e p r o d u c i b i l i t y of t h e s e r u n s l e a v e s s o m e t h i n g to be d e -
s i r e d ; h o w e v e r , it is fel t t ha t the r e p r o d u c i b i l i t y is r e a s o n a b l e c o n -
s i d e r i n g the n u m b e r of o p e r a t i o n s involved and the d i f f icu l t ies 
a s s o c i a t e d wi th s a m p l i n g . T w e n t y - t h r e e p a i r s of r u n s w e r e m a d e a t 
i d e n t i c a l p r o c e s s c o n d i t i o n s . The p r o d u c t i v i t y r a t i o d i f f e r e n c e s o b -
t a i n e d in t h e s e p a i r s of r u n s a r e l i s t e d in T a b l e 2, Append ix B . It 
is s e e n in T a b l e 2 tha t t h e a v e r a g e d i f f e r ence for t he t w e n t y - t h r e e 
r u n s was 16. 7 p e r c e n t . T h i s p e r cen t d i f f e r ence was b a s e d on the 
s m a l l e r of the two p r o d u c t i v i t y r a t i o s ; t h e r e f o r e , a s m a l l e r f i g u r e 
would have b e e n ob ta ined if the l a r g e r of the two o r a m e d i a n p r o -
duc t iv i ty r a t i o had b e e n u s e d a s the b a s e . 
It is b e l i e v e d tha t t he l a r g e s t s i n g l e e x p e r i m e n t a l e r r o r w a s 
due to flow f luc tua t ions d u r i n g p o l y m e r i z a t i o n , a s flow r a t e ha s a 
d r a m a t i c effect on p r o d u c t i v i t y r a t i o . Add i t i ona l e x p e r i m e n t a l 
e r r o r s w e r e i n c u r r e d in m a k e u p of s o l u t i o n s , s a m p l i n g , p r o c e s s i n g 




The following conclusions a r e drawn from the resu l t s of this 
study of the react ion between sebacoyl chloride and hexamethylene 
diamine in a tubular r eac to r at a tmospher ic p r e s s u r e and 68 F : 
(1) The speed of this react ion is slowed down appreciably by 
the formation of a polymer film at the interface between the two 
liquid phases . 
(2) Product ivi ty ra t io is a function of reactant concentrat ions 
and Reynolds number with productivity ra t io increasing as Reynolds 
number and reactant concentrat ions inc rease . 
(3) Product ivi ty ra t io was found to be independent of r eac to r 
length over the range of lengths, reactant concentra t ions , and 
Reynolds numbers studied. 
(4) At p roces s conditions where film formation does not occur , 
the ra te of this react ion was found to be essent ia l ly the same as 
that for aliphatic acid chlorides and p r i m a r y amines in homogeneous 
2 4 / 
solution; this react ion ra te is 10 - 10 l i t e r s / m o l e - s e c o n d . 
(5) Product ivi ty rat io and yield a r e ext remely sensi t ive to 




APPENDIX A - CALCULATIONS 
I. Reynolds number of two phase liquid mixtures: 
N — DG/u where D = diameter of pipe, feet; 
R e 
•p 
G = VP, lbs. mass/second - ft. ; and u = lbs. mass/second - ft, 
The diameter of standard 3/8 inch stainless steel tubing = 
0.305 inches; therefore, D = 0 .305/12 =2.54x10 ft. 
Area of tubing = 7TD2/4 = 3./£x(2- 54xl0"2)2/4 = 
5. 065x10 ft. 
The viscosity of a two-phase mixture of immiscible liquids was 
estimated from the relationship proposed in Perry's Chemical 
x y 
Engineers' Handbook (10). u_ — u • u where x and y are volume 
G x y 
fractions. Equal flow rates of both phases on a weight basis were 
used for all runs. Since the specific gravity of CC1 at 20 C is 
1.594, the volume fraction of H 0 — 1.594/2.594 = 0.615; the volume 
fraction of CC1 must equal 1.000 - 0.615 = 0.385. The viscosity 
4 
of Ho0 at 20°C := 1.05 cps. = 0. 705xl0~ lbs. /ft. -seconds. 
<£ mass 
The viscosity of CC1 at 20°C = 1.00 cps. = 0. 672xl0~ lbs. 
/ft. -seconds. mass 
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0.615, x 0 . 3 8 5 
T h e r e f o r e , u = ( 1 . 0 5 ) (1.00) = 1.03 c p s . = 
m i x t u r e 
0. 6 9 3 x l 0 " 3 l b s . / f t . - s e c o n d s . 
m a s s 
F o r r u n s w h e r e the flow r a t e of e a c h p h a s e was 7. 05 p o u n d s / 
m i n u t e , the t o t a l flow = 14.10 p o u n d s / m i n u t e . 
T h e r e f o r e , G = 14.10 l b s . / m i n u t e x m i n u t e / 6 0 s e c o n d s x 
1/0. 5065xl0~ 3 f t . 2 = 0. 4 6 5 x l 0 3 l b s . / s e c o n d - f t . 2 
and N n = (2 . 54x l0"
2 f t . ) ( 0 . 465x lQ 3 l b s . / s e c o n d - f t . 2 ) = 17,050 
Re 1Z. 
0. 6 9 3 x l 0 ' 3 l b s . / s e c o n d - f t . 
II. P r o d u c t i v i t y R a t i o and p e r cen t c o n v e r s i o n : 
One m o l e of s e b a c o y l c h l o r i d e ( M . W . = 2 3 9 . 0 ) and one m o l e of 
HMDA (M. W. = 116. 2) r e a c t to p r o d u c e one r e p e a t uni t of 610 Nylon 
(M. W. = 2 82 . 4). S ince one m o l e c u l e of Nylon c o n t a i n s c a . 75 r e p e a t 
u n i t s , t he p o l y m e r end g r o u p s m a y be n e g l e c t e d wi thout i n t r o d u c i n g 
an a p p r e c i a b l e e r r o r . The weigh t of p o l y m e r (in g r a m s ) c o l l e c t e d 
In a s a m p l e Is m u l t i p l i e d by 1 0 0 0 / s a m p l e we igh t In g r a m s to c o n -
v e r t to g r a m s of p o l y m e r p e r k i l o g r a m of s a m p l e . Th i s In t u r n Is 
m u l t i p l i e d by 2 3 9 . 0 / 2 8 2 . 4 — 0 .846 to c o n v e r t to g r a m s of s e b a c o y l 
c h l o r i d e r e a c t e d p e r k i l o g r a m of s a m p l e . The m o l a r i t y of t he 
o r i g i n a l s e b a c o y l c h l o r i d e so lu t ion Is m u l t i p l i e d by 2 3 9 . 0 ( M . W . of 
s e b a c o y l c h l o r i d e ) to c o n v e r t to g r a m s of s e b a c o y l c h l o r i d e p e r l i t e r 
of s o l u t i o n . Th i s is d iv ided by 1. 594 ( spec i f i c g r a v i t y of CC1. ) to 
obta in g r a m s of s e b a c o y l c h l o r i d e p e r k i l o g r a m of s o l u t i o n . S ince 
the r e a c t o r effluent is 50 p e r cen t by weight o r g a n i c p h a s e , t h e 
g r a m s of s e b a c o y l c h l o r i d e / k i l o g r a m of CC1 so lu t ion is d iv ided by 
two to ob ta in g r a m s of s e b a c o y l c h l o r i d e o r i g i n a l l y p r e s e n t in a 
k i l o g r a m of r e a c t o r s a m p l e . P e r cen t c o n v e r s i o n is c a l c u l a t e d by 
d iv id ing the g r a m s of s e b a c o y l c h l o r i d e r e a c t e d p e r k i l o g r a m of 
s a m p l e by t h e a m o u n t of s e b a c o y l c h l o r i d e o r i g i n a l l y p r e s e n t a n d 
m u l t i p l y i n g the quo t ien t by 100. 
P r o d u c t i v i t y r a t i o is def ined a s t he g r a m s of s e b a c o y l c h l o r i d 
r e a c t e d p e r k i l o g r a m of r e a c t o r s a m p l e . Th i s f i gu re is o b t a i n e d 
f r o m the f i r s t p a r t of t h e p e r cen t c o n v e r s i o n c a l c u l a t i o n . 
III. R e a c t i o n R a t e C o n s t a n t C a l c u l a t i o n for run 4a: 
- 4 2 
V o l u m e of 8^ inch r e a c t o r = " 5.065x10 ft. x 8 . 5 f t . / l 2 x 
3 2 
2 8 . 3 2 l i t e r s / f t . = 1. 016x10 l i t e r s . 
T h e r e a c t o r flow r a t e — 1. 05 g a l s . CC1 / m i n u t e p lus 1.68 g a l s . 
H _ 0 / m i n u t e x 3 . 785 l i t e r s / g a l l o n = 10. 33 l i t e r s / m i n u t e . 
-2 
R e a c t i o n t i m e = v o l u m e / f l o w r a t e = 1. 016x10 l i t e r s — 
10. 33 l i t e r s x m i n u t e 
m i n u t e 60 s e c o n d s 
0. 059 s e c o n d s . 
E q u a t i o n 23 in the book C h e m i c a l K i n e t i c s by L a i d l e r (11) 
d e s c r i b e s the r e a c t i o n r a t e of a s e c o n d o r d e r r e a c t i o n . Th i s 
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equation s ta tes that dx/dt = k (a-x) (b-x). In our case let a = 
molar i ty of HMDA and b = molar i ty of sebacoyl chlor ide; x = 
moles per l i te r of sebacoyl chloride (or HMDA) reac ted . The 
molar i ty of each reactant in the r eac to r is equal to the molar i ty 
of the reac tant solution multiplied by the volume fraction of that 
solution in the r eac to r . Therefore , a = 0. 1518 x 1.594/2.594 =• 
0.0932 and b = 0.1000 x 1.000/2.594 = 0.0386. x = moles per 
l i ter of sebacoyl chloride in reac to r t imes the conversion for this 
pa r t i cu la r run (per cent conversion for run 4a — 36.65); the re fore , 
x = (0.0386) (0. 3665) = 0 . 0 1 4 2 . 
The specific ra te constant is calculated from equation 33 in 
Chemical Kinetics (H)» k — 1 In b(a-x) 
t(a-b) a( b-x) 
a - b = 0.0932 - 0.0386 = 0.0546 
a - x = 0.0932 - 0.0142 = 0.0790 
b - x = 0.0386 - 0.0142 = 0 .0244 
and t = 0.059 seconds 
There fore , k = 1 } (0. 0386)(0. 0790) 
(0.059 seconds) (0 . 0546 moles)"" X * (0. 0932)(0. 0244) 
l i te r 
o 
= 1. 2 x 10 l i t e r s / m o l e - s e c o n d 
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Append ix B - Tab le 1. Da ta S u m m a r y 
T e m p , of R e a c t o r M o l a r i t y M o l a r i t y Ra t io 
Run R e a c t a n t s 
o 
F 
L e n g t h , Se b a c o y l HMDA HMDA/S.C. 
No. Inches C h l o r i d e Solut ion in R e a c t o r 
Solu t ion 
la 68 . 0 36. 50 0 .0478 0. 030 1. 00 
lb 6 8 . 0 3 6 . 5 0 0 .0478 0. 030 1. 00 
lc 6 8 . 0 3 6 . 5 0 0 .0478 0. 030 1. 00 
2a 6 8 . 0 3 6 . 5 0 0.100 0 .0759 1.21 
2b 68 . 0 8 . 5 0 0.100 0 .0759 1.21 
2c 6 8 . 0 3 6 . 5 0 0.100 0 .0759 1.21 
2d 6 8 . 0 8. 50 0.100 0 .0759 1.21 
2e 6 8 . 0 8. 50 0.100 0. 0759 1.21 
2f 68 . 0 36. 50 0.100 0 .0759 1.21 
2g 6 8 . 0 8 . 5 0 0.100 0 .0759 1. 21 
3a 6 8 . 0 36. 50 0.100 0.1518 2. 42 
3b 6 8 . 0 3 6 . 5 0 0.100 0.1518 2. 42 
3c 68 . 0 8 . 5 0 0.100 0.1518 2. 42 
4a 6 8 . 0 8 . 5 0 0.100 0.1518 2. 42 
4b 6 8 . 0 8 . 5 0 0.100 0.1518 2. 42 
4c 6 8 . 0 8. 50 0.100 0.1518 2. 42 
4d 68 . 0 36. 50 0.100 0.1518 Z. 42 
4e 6 8 . 0 3 6 . 5 0 0.100 0.1518 2. 42 
4f 6 8 . 0 8 . 5 0 0.100 0.1518 2. 42 
5a 6 8 . 0 8 . 5 0 0.100 0 .0759 1.21 
6a 68 . 0 3 6 . 5 0 0. 050 0 .0759 2 . 42 
6b 6 8 . 0 3 6 . 5 0 0. 050 0. 0759 2 . 42 
6c 6 8 . 0 8 . 5 0 0. 050 0 .0759 2 . 42 
6d 6 8 . 0 8. 50 0. 050 0. 0759 2. 42 
6e 68 . 0 8 . 5 0 0. 050 0 .0759 2. 42 
6f 6 8 . 0 3 7 . 2 5 0 . 0 5 0 0 .0759 2. 42 
7a 6 8 . 0 9. 13 0. 050 0. 0759 2. 42 
7b 6 8 . 0 9. 13 0. 050 0. 0759 2. 42 
7c 6 8 , 0 9. 13 0. 050 0. 0759 2. 42 
7d 6 8 . 0 3 7 . 2 5 0 . 0 5 0 0 .0759 2. 42 
7e 6 8 . 0 3 7 . 2 5 0 . 0 5 0 0. 0759 2. 42 
7f 6 8 . 0 3 7 . 2 5 0. 050 0 .0759 2. 42 
7g 6 8 . 0 37. 25 0. 050 0 .0759 2. 42 
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T a b l e 1. Da ta 
CC1 P h a s e H O P h a s e 
Run F l o w R a t e F l o w R a t e 
No . I b s . / m i n . I b s . / m i n . 
la 7 . 0 5 7. 05 
lb 7. 05 7 . 0 5 
lc 14. 00 1 4 . 0 0 
2a 7 . 0 5 7 . 0 5 
2b 7 . 0 5 7. 05 
2c 14 . 00 14 . 00 
2d 1 4 . 0 0 14 . 00 
2e 14 . 00 14 . 00 
2f 7. 05 7. 05 
2g 7. 05 7 . 0 5 
3a 7. 05 7 . 0 5 
3b 14 . 00 14. 00 
3c 7. 05 7 . 0 5 
4a 14. 00 14 .00 
4b 10. 00 10. 00 
4c 10. 00 10. 00 
4d 10. 00 10. 00 
4e 16. 40 16. 40 
4f 16. 40 16. 40 
5a 10. 00 10. 00 
6a 14. 00 14. 00 
6b 14. 00 14 . 00 
6c 14 .00 14. 00 
6d 14. 00 14. 00 
6e 10. 00 10. 00 
6f 10. 00 10. 00 
7a 10 .00 10. 00 
7b 1 0.00 10 .00 
7c 14. 00 14.00 
7d 14. 00 14 .00 
7e 14. 00 14 . 00 
S u m m a r y (Cont inued) 
Reyno lds P r o d u c t i v i t y C o n v e r s i o n 
N u m b e r R a t i o , g m s . p e r cen t 
S. C. C o n -
s u m e d p e r 
K i l o g r a m 
of S a m p l e 
17 ,050 0.113 3.15 
17 ,050 0. 099 2 . 7 6 
3 3 , 8 5 0 0 . 2 6 3 7.15 
17,050 0. 454 6 . 0 5 
17 ,050 0. 512 6 . 8 2 
3 3 , 8 5 0 1.201 16.01 
3 3 , 8 5 0 1.223 16. 30 
3 3 , 8 5 0 1, 040 13 .87 
17 ,050 0. 360 4 . 8 0 
17 ,050 0. 371 4 . 9 5 
17 ,050 0. 459 6.11 
3 3 , 8 5 0 2 . 5 6 2 34.18 
17,050 0. 591 7 . 8 9 
3 3 , 8 5 0 2 . 745 3 6 . 6 5 
24, 200 2. 059 2 7 . 4 5 
2 4 , 2 0 0 1.598 20 . 70 
2 4 , 2 0 0 2 . 6 5 0 3 5 . 4 0 
4 0 , 5 0 0 3 . 0 3 5 40 . 45 
4 0 , 5 0 0 2. 988 3 9 . 8 0 
2 4 , 2 0 0 0. 723 9 . 6 0 
3 3 , 8 5 0 0.515 1 3 . 76 
3 3 , 8 5 0 0. 544 14. 41 
3 3 , 8 5 0 0. 467 12 . 48 
3 3 , 8 5 0 0. 443 11.85 
2 4 , 2 0 0 0. 313 8. 37 
2 4 , 2 0 0 0. 398 10 .62 
2 4 , 2 0 0 0 .276 7. 35 
2 4 , 2 0 0 0 .346 9 . 2 5 
3 3 , 8 5 0 0 . 4 3 7 11.62 
3 3 , 8 5 0 0. 531 14 .17 
3 3 , 8 5 0 0.610 16.29 
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T a b l e 1. Da ta S u m m a r y (Cont inued) 
Temp, of R e a c t o r M o l a r i t y M o l a r i t y Ra t io 
Run R e a c t a n t s L e n g t h , S e b a c o y l HMDA HMDA/S . C. 
No . ° F Inches C h l o r i d e 
Solut ion 
Solut ion In R e a c t o r 
7h 6 8 . 0 9.13 0. 050 0 .0759 2. 42 
7L 68 . 0 9.13 0. 050 0. 0759 2 . 42 
7j 68 . 0 9.13 0. 050 0. 0759 2. 42 
8a 68 . 0 3 5 . 2 5 0. 050 0 .0759 2. 42 
8b 68 . 0 3 5 . 2 5 0. 050 0 .0759 2. 42 
8c 6 8 . 0 7.13 0. 050 0 .0759 2. 42 
9a 68 . 0 3 7 . 2 5 0. 050 0 .0759 2. 42 
9b 68 . 0 9. 13 0. 050 0. 0759 2. 42 
10a 6 8 . 0 3 7 . 2 5 0. 050 0.1254 4. 00 
10b 68 . 0 3 7 . 2 5 0. 050 0.1254 4. 00 
11a 68 . 0 3 7 . 2 5 0. 090 0.1254 2 . 2 2 
lib 6 8 . 0 37. 25 0. 090 0.1254 2 . 2 2 
l ie 68 . 0 9. 13 0. 090 0.1254 2. 22 
12a 68 . 0 3 7 . 2 5 0.1913 0. 0600 0. 50 
12b 68 . 0 9. 13 0.1913 0. 0600 0. 50 
12c 68 . 0 3 7 . 2 5 0.1913 0. 0600 0. 50 
12 d 68 . 0 9 .13 0. 1913 0. 0600 0. 50 
13a 68 . 0 9.13 0.1000 0.1000 1. 59 
13b 68 . 0 9. 13 0.100 0.1000 1.59 
13c 68 . 0 37. 25 0.100 0.1000 1. 59 
13d 68 . 0 3 7 . 2 5 0.100 0.1000 1. 59 
13e 68 . 0 9. 13 0.100 0.1000 1.59 
Note : Ac id In jec t ion Into R e a c t o r s t a r t e d at Run 6f. Modif ied 
Mixing T e e u s e d for Runs 8a , 8b , and 8 c . 0 . 5 0 p e r 
cen t " D u p o n o l " added to Aqueous P h a s e for Runs 9a 
and 9b. 
48 
T a b l e 1. 
C C 1 4 P h a s e H z O P h a s e 
Run F l o w R a t e F l o w R a t e 
No . l b s . / m i n . l b s . / m m . 
7f 16 . 40 16. 40 
7g 1 6 . 4 0 16. 40 
7h 16 . 40 16. 40 
7L 16. 40 16 . 40 
7j 7. 05 7. 05 
8a 10. 00 10.00 
8b 10. 00 10. 00 
8c 10 .00 10. 00 
9a 14. 00 14 . 00 
9b 14. 00 14 . 00 
10a 14.00 14 .00 
10b 14. 00 14. 00 
11a 14 .00 14 .00 
l ib 10. 00 10. 00 
l ie 14. 00 14 . 00 
12a 14. 00 14 .00 
12b 14.00 14 . 00 
12 c 10. 00 10 . 00 
12d 10 .00 10 . 00 
13a 10. 00 10 . 00 
13b 14.00 14. 00 
13c 10. 00 10 .00 
13d 14. 00 14 . 00 
13e 14 .00 1 4 . 0 0 
S u m m a r y (Cont inued) 
Reyno lds P r o d u c t i v i t y Convers ion 
N u m b e r R a t i o , g m s . p e r cent 
S. C. C o n -
s u m e d p e r 
K i l o g r a m 
of S a m p l e 
4 0 , 5 0 0 0 . 6 4 6 17. 24 
4 0 , 5 0 0 0. 591 15. 77 
4 0 , 5 0 0 0. 520 13.88 
4 0 , 5 0 0 0 . 7 6 0 20 . 30 
17 ,050 0 . 2 2 8 6. 08 
2 4 , 2 0 0 1.250 33 . 33 
2 4 , 2 0 0 1.163 3 1 . 00 
2 4 , 2 0 0 0 . 7 4 0 17. 5 1 
3 3 , 8 5 0 1.799 47. 90 
33,850 1. 435 3 8 . 2 5 
3 3 , 8 5 0 1.098 2 9 . 2 5 
3 3 , 8 5 0 1.312 3 4 . 6 5 
3 3 , 8 5 0 2. 460 3 6 . 2 5 
2 4 , 2 0 0 1.8 60 2 7 . 6 0 
3 3 , 8 5 0 2 . 9 7 9 4 3 . 9 5 
3 3 , 8 5 0 2. 680 36. 95 
3 3 , 8 5 0 3 . 0 6 0 4 2 . 6 5 
2 4 . 2 0 0 1.872 26.10 
2 4 , 2 0 0 1.541 21 .45 
2 4 , 2 0 0 1.238 16. 50 
3 3 , 8 5 0 2. 081 2 7 . 8 0 
2 4 , 2 0 0 1. 372 18. 30 
3 3 , 8 5 0 2 . 023 27 . 00 
3 3 , 8 5 0 1. 920 25 . 60 
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Appendix B - T a b l e 2. R e p r o d u c i b i l i t y of Runs 
Run P r o d u c t i v i t y Run P r o d u c t i v i t y Abs o lu t e P e r cen t 
No. Ra t io No . Ra t io D i f f e r ence D i f f e r e n c e 
la 0.113 lb 0. 099 0. 014 14.1 
2d 1. 223 2e 1. 040 0.183 17.6 
2a 0. 454 2f 0. 360 0. 094 26 .1 
2b 0. 512 2g 0. 371 0.141 3 8 . 0 
4b 2. 059 4c 1.598 0. 461 2 8 . 8 
6a 0. 515 6b 0. 544 0. 029 5 .6 
6c 0. 467 6d 0. 443 0. 024 5 . 4 
6e 0. 313 7a 0 .276 0. 037 13. 4 
6c 0. 467 7b 0. 346 0.121 35 . 0 
6d 0. 443 7b 0. 346 0. 097 28 . 1 
7b 0. 346 7c 0. 437 0. 071 20. 5 
6c 0. 467 7c 0. 437 0. 030 6 . 9 
6d 0. 443 7c 0. 437 0. 006 1. 4 
6a 0. 515 7d 0. 531 0. 016 3 .1 
6b 0. 544 7d 0 .531 0. 013 2. 4 
6a 0. 515 7e 0.610 0. 095 18. 4 
6b 0. 544 7e 0.610 0. 066 12 . 2 
7d 0. 531 7e 0.610 0. 079 1 4 . 9 
7f 0. 646 ?g 0. 591 0. 055 9 . 3 
7h 0. 520 7i 0 . 7 6 0 0. 240 46. 1 
8a 1.250 8b 1.163 0. 087 7. 5 
10a 1. 098 10b 1. 312 0.214 19. 5 
13b 2. 081 13e 1.920 0.161 8. 4 
383 . 5 
Note : A v e r a g e p e r cen t D i f f e r ence = 383 . 5 / 2 3 = 16. 7. P e r cent 
D i f f e r e n c e is c a l c u l a t e d a s a b s o l u t e d i f f e r ence d iv ided by the 
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